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METHOD 25.3

DETERMINATION OF LOW CONCENTRATION

NON-METHANE NON-ETHANE ORGANIC COMPOUND EMISSIONS

FROM CLEAN FUELED COMBUSTION SOURCES

Section 1 of 5

1. Overview and Applicability

11

Principle

The procedures used in this Volatile Organic Conmpo(VOC) source test method are
similar to the approach of Method 25.1, but havenbenodified for the purposes of
improving accuracy at low concentrations. The modteliminates positive interferences
for low concentration VOC due to high levels ofcétaarbon dioxide and moisture. As
with Method 25.1, duplicate gas samples are withhdréfom a source at a constant rate
through condensate traps (traps) followed by euaduaanisters. The method differs
from Method 25.1 in that stack condensate is ctitbat ice waterl382°F) temperature in
the traps as opposed to the lower dry ice temperatior low concentrations, th&2 °F
traps have proven to be sufficient for trappingdsmsate and preventing unrecoverable
VOC from being collected in the canisters. Witleasl sources, since the condensate
consists largely of water, the traps consist oflsmmpingers initially charged with ultra-
pure water as a heat transfer medium. Interfecardpon dioxide in the traps is purged
into the canisters using a ultra-pure grade inast gParticulate matter is prevented from
interfering with the method by using an in-stadkefi Since the water does, however,
have limitations on the amount of insoluble matahat can be homogeneously retained,
the method is limited to VOC concentrations of l#em 50 ppm as carbon (ppmC) or 25

ppmC in the trap section.

VOC concentration as Non-Methane Non-Ethane Org&umpounds (NMNEOC) is

determined by combining the results from the indeleat analyses of the condensate in
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each trap and the gas in its associated canidtee traps are analyzed for total organic
carbon by liquid injection into an infra-red totaganic carbon analyzer. The canisters
are analyzed for NMNEOC using the Method 25.1 apgino The analysis consists of
foreflush and backflush of a gas chromatography)(Gfumn followed by an oxidizer,
methanizer, and a flame ionization detector (FIDhe GC separates the VOC component
from the sample; the oxidizer converts the VOC #&bon dioxide; the methanizer
converts the resulting carbon dioxide to methaiibe results are determined by the FID
in units of parts per million by volume as carb@priC). Carbon monoxide and fixed
gases (carbon dioxide and oxygen) can be deternbyadalysis of the canister portion of

the sample by SCAQMD Method 10.1.

The method is written to represent the configuratissed during validation testing.
Mention of trade names in this source test methoek dhot constitute endorsement by
SCAQMD; the model names and numbers are given@ethsed during the validation
phase of the method. Other manufacturers of egempnmay be used subject to

demonstration of equivalency as approved by the GB.

A bias correction factor of 1.086 must be appliedhe final results of this method. The
use of this bias correction factor is required bg tJSEPA as determined during the

validation phase of the method (refer to Secti@).5.
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1.2 Applicability

This method replaces the method that was formarywk as SCAQMD Draft Method
25.2. Former Draft Method 25.2 has been removenh fconsideration due to inherent
shortcomings in its approach which have been prdoetause both a low bias and poor
precision. Source test results achieved by former Draft Method 25.2 are, therefore,

not considered asvalid for SCAQMD purposes.

Method 25.3 measures low concentration VOC emissias NMNEOC expressed as
ppmC. Since it is not adversely affected by thpradictability of VOC composition in

combustion products, the method is particularlyliapple to combustion processes. In its
total carbon approach, the method is not affectgdceimpound specific instrument
response factor variables often encountered inratbtection methods. This method is

applicable when the following conditions are met:

1. Combustion sources must use clean fuels. Cleds fire defined as natural gas,

refinery fuel gas, butane, LPG, landfill gas, digegias, methanol and ethanol.

2. The resulting concentration as measured by thisiogetust be less than 50 ppmC or
alternatively 25 ppmC in the trap portion with ghner limit on the canister portion

evaluated case by case depending on the compotegkEnp

Supporting data has shown that for concentratibos@ 50 ppmC (or 25 ppm in the trap)
or for non-clean fueled combustion sources, a hi#isoccur due to limitations in the

condensate trap design (daterferences). For these situations, refer to Method 25.1.

The method may be applied to sources of higheremnations where exclusively water
soluble VOC is encountered. The applicability lué imethod to these situations must be

evaluated by the SCAQMD on a case by case basis.
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The method may be used without the condensateatrdpts associated procedures only
for ambient temperature sources where no combugiroducts or other sources of
moisture other than ambient are present. Additignéhe resulting concentration as
measured by this method must be less than 50 ppili: applicability of the method to

these situations must be evaluated by SCAQMD asa by case basis.

The lower detection limit of the method is 1 ppm NEIOC as carbon.

For determining mass emissions, a molecular weightcarbon ratio must be established
to account for bonded oxygen, hydrogen, chlorine,other elements. Similarly for
converting ppmC to actual ppm, the average carhonber must be estimated. Section

five of this method provides guidelines for detarimg molecular weight per carbon.

This method assumes that methane and ethane arenthesignificant VOC exempt
compounds commonly found in combustion exhausthie WNMNEOC results can be
corrected for other exempt compounds when presesihg an appropriate method

approved by SCAQMD, CARB, and EPA for determinixgmpt content.
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1.4 Limitations and Interferences

In cases where combustion type control devicesuaesl to control streams containing
exempt compounds as specified in SCAQMD Rule 1G&ysitive bias towards VOC will

occur if a correction is not made for the presesfaxempt compounds.

Supporting data has shown a potential negative Wheen sampling streams of over 50
ppmC due to design limitation of the condensatpstrahich were designed for lower
concentrations. This is believed to be causeddoyhomogeneity in the water traps with

insoluble species present.

Sampling combustion sources burning non-clean foatscause a negative bias. This is
also due to limitations in the low-concentratioaptitdesign combined with the presence of
high molecular weight, semi-volatile, condensabfesoluble material which tends to

separate from the water in the trap.

Ammonia present in concentrations above 15 ppnredince the level of precision of this

method but does not cause a specific low or high.bi

Because of the low concentration of VOC encounteoethtamination, if present can
cause a significant bias. The procedures of tlathod have been designed to eliminate
potential contamination. It is, however, imperatithat the equipment cleaning and

sample handling procedures are carefully followed.

If samples are extracted from a stratified strearppsitive or negative bias may occur.
Samples must be extracted from well mixed locatmmsmploy multi-point sampling (see

Field Procedures).

Procedures for minimizing the effects of any of #mve interferences where applicable
are not all addressed in this method. Alternapirecedures must be evaluated on a case

by case basis and are subject to SCAQMD approval.

8 C-8
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METHOD 25.3

DETERMINATION OF LOW CONCENTRATION
NON-METHANE NON-ETHANE ORGANIC COMPOUND EMISSIONS
FROM CLEAN FUELED COMBUSTION SOURCES

Section 2 of 5

2.  Sampling Apparatus and Field Equipment Preparation

2.1 Sampling Apparatus

The sampling system consists of an in-stack filkeprobe, a Teflon line, a condensate
trap, a flow controller, a vacuum gauge, a valvel a canister (see Figure 25.3-1). The
sampling equipment can be constructed from commaéraavailable components. The

internal volume of the entire sampling apparatudugling the canister must not exceed
one percent of the canister volume in order to cebiution by the sample system dead
space. The following is a detailed descriptiontileé sampling system component

requirements.

a. In-Stack Filter

A <2 micron, 316 type stainless steel or other higmpirature non-corrosive
material filter located at the stack end of thebygrtip. The filter can be the small frit

type inserted into a 0.25 in. tube fitting connddi® the probe tip.

b. Probe

Seamless stainless steel tubing, 0.25 in. outsmlmater and cut to a length of half
the stack diameter or sufficient length to exteadrrthe stack or duct center to avoid
dilution effects from the sampling port. When séimgp the probe is fixed with the
connector line end flush with the port entranceéhsd the stack gases heat the entire

probe length.
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c. Condensate Trap

The condensate trap is designed as a small 4 s8 pladied impinger. The body is a
commonly available 4 ml narrow screw top glass whlch is used not only as the
trap body but also for sample storage with its §egpleflon lined screw cap. The
approximate dimensions of the vials are 1.8 iraltbeight, 0.6 in. o.d., and 0.3 in.
i.d. at the upper threaded opening. A 0.25 inemolist be made in a spare screw cap
for affixing the condensate trap to the samplingeatbly. Size 009 and a size 006
Viton “O” rings are used to seal and retain thesglaial to the sampling assembly.
See Figure 25.3-2 for specifications on condensate design. For sampling, the
condensate trap is charged with approximately »fhlydrocarbon free water. The
4 ml trap size is sufficient for stack moisturesupfto 25% by volume. For higher

stack moistures, the trap design must be scaledcqrdingly.

d. Connector Line

Seamless Perfluoroalkoxy (also known as PFA, a tfp€eflon) tubing, 0.125 in.
outside diameter x 0.026 in. wall thickness andtouength of no more than 18 in.
The connector line is connected to the probe wistamless steel tube reducer. The
other end of the connector line must extend inebdbndensate trap with a tapered
end having an opening of less than 0.020 in. sbaimall bubbles are formed in the
condensate trap. This tapered end can be formegbjnlying a point source of heat
to approximately one inch of a continuous sectibtubing so that the temperature
of the section is heated to near the melting poifihe opposite sides of the heated
section can be pulled apart while twisting torslgntgo form a split at the heated
section. The narrow tips created at the endsefuhing split can then be trimmed
appropriately to create the small opening. Wheemabled, the tubing extends from
the probe reducer to within 0.125 in. from the bottof the condensate trap as
shown in Figure 25.3-2.

10 C-10
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e.

Ice water bath

A container is affixed to the sampling apparatusietd ice and water used to cool
the condensate trap. The ice bath must be ofcgeriti cross section to surround the
condensate trap with an appropriate amount of @emtintain the ice water
temperature (minimum 2.5 in. diameter). The icthlbaust be approximately one
inch in height (for 4 ml trap size) so that the densate trap vial connection remains
above the top of the ice bath container and thefloveng cold water will be below
the connector level. This is done to eliminatertbke of contamination. The ice bath
must also be positioned sufficiently high so the tvater level of the bath is higher

than the water level inside the condensate trap.

Flow Rate Controller

A vacuum flow regulator, rotameter, fine orifice, aher flow regulator capable of
maintaining a constant flow rate (0%) at the probe tip over the sampling period.
The flow controller is located downstream of th@@densate trap so that its function
is unaffected by the condensate. For flows regdlaty rotameters or orifices with a
control valve, the control valve will require coaist adjustment during sampling due
to the declining pressure differential. The cohwave must be located between the
canister and the rotameter or orifice. For aaltorifice, where a control valve is
not used, sampling must be terminated if the vacuruthe canister drops below the
level where a constant flow cannot be achieveds fiipe of orifice can be prepared
using a GC syringe needle fixed concentrically iifd in. stainless steel tubing.
Epoxy or silicone adhesive has been successfullgl @ this purpose. The desired
flow rate for one hour sampling time for a 6-litanister is ~70 ml/min and can be
achieved using a short (appropriate) length of 460@yringe needle. The flow rates

can be fine tuned by adjusting the length of timeimeedle tube.

11 c-11
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2.2

g. Vacuum Gauge

A stainless steel gauge cleaned for electroniasuspecified for monitoring vacuum
in the tank and sampling system between the flomtrotler and sample flow valve

both during sampling and leak checks (0 to 30 mMdcuum).

h. Sample Flow Valve

Stainless steel bellows valve is used for starstgpping, or regulating sample flow

and is located between the vacuum gauge and saapiser.

i.  Sample Canister

The electro-polished stainless steel canister haslame of 6+ 0.5 liters. The

canister volume is determined to the nearest 1@sndescribed in section 3.8.

i.  Sampling Assembly

The assembled sampling apparatus in its “readyrdoisport” configuration is shown
in Figure 25.3-1. An exploded view of the samjphe land condensate trap assembly
is shown in Figure 25.3-2. A stainless steel qucknector is useful for connecting

and disconnecting the canister from the remainfldreosampling assembly.

Sampling Reagents

The condensate trap is initially charged with agprately 2 ml hydrocarbon free water
such as deionized or distilled water. This watesthave a TOC content of less than one

ppmC.

12 C-12
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2.3 Sampling Equipment Preparation

2.3.1 Sampling Equipment Cleaning

The sampling equipment preparation must be perfdrnme a clean indoor
laboratory type environment and not in the fieldlll equipment that contacts the
sample excluding the canister, but including thenaming equipment listed in
section 2.1 and other equipment that contacts dhgpke such as connectors and
end caps, must be thoroughly cleaned as followsakShe equipment in non-
residue, rinsable type laboratory glassware det¢rgend water. Scrub all
accessible surfaces and remove all visible sunfasiglues. Rinse the equipment
thoroughly first with tap water then with deionizedter. At this point onward, be
certain not to touch any part of the internal sampth or open connection ends
with any object that has not been cleaned using aheve procedure and
particularly not at anytime with hands or fingerslse powder-free latex gloves
while handling cleaned equipment. Blow the equiptpeeces dry with ultra-pure
grade air (< 0.5 ppm hydrocarbon) while holding pireces by the outside surface
which does not contact the sample. Under no cistantes should uncleaned
compressed air be used for drying parts due to pibssibility of entrained
compressor lube oil or other droplets causing comtation. After drying, the
equipment excluding the canister can be assemldeid &igure 25.3-1 using a
clean empty glass vial on the condensate trap ddgeharing transportation to the
field. Clean the probe and filter assembly by estpp to elevated temperatures
using an open flame while passing air through gsembly. Gradually move the
flame along the entire length of the probe at a sat that the probe is heated to a
glowing orange in each section contacted by thedlahen allow to cool. Seal the

open ends of the probe and sampling assembly asthean cap or foil.

13 C-13
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2.3.2 Canister Preparation

The following equipment are needed for canisteparation:

a. Manometer

Must be capable of measuring pressure to withinni Hyg in the 0-900 mm

range. Manometer must be NIST traceable.

b. Vacuum Pump

Capable of producing a full 30 in. Hg of gauge waou<10 mm Hg. absolute
pressure). This is to evacuate the sample tanésirdermediate collection

vessels (see Sections 3.3 and 3.4).

Do not use canisters previously used for other sypé sampling where
concentrations of >50 ppmC were encountered. Clkban Summa polished
canisters by sequential filling with pure nitrogegas and evacuating to
approximately 3 mm Hg. It has been determined tdatcycles are sufficient to
result in a <1 ppmC for a pure nitrogen blank cheglkter the last cleaning cycle,
fill the canister with pure nitrogen gas to ~900Hig then allow it to set overnight.
Perform a tank blank analysis on the nitrogen gathe canister as in Section 4.
The backflush concentration should be 0.5 ppmCess,| otherwise repeat the
cleaning-blanking process. Finish the cleaning@ss by filling the canister with
pressurized gas, and then evacuating the cantstezéro mm Hg. The laboratory
can establish a cleaning procedure without theklest on the basis of the history
of the canisters used and previous data on thaiolgdlanking process. Save the

data for future QA/QC SCAQMD audits.

14 C-14
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2.3.3

March 2000

The sample tank is leak checked by isolating itmfrthe vacuum pump and
allowing the tank to sit for at least 10 minut@e tank is acceptable if no change

in tank vacuum is noted.

Condensate Trap Vial Preparation

Store 200 to 300 ml of the hydrocarbon free watea clean glass jar with a glass
stopper at normal refrigerator temperature (appnaxely 5°C). Analyze the water
for TOC content at ice water temperature as ini&ect. If the TOC content is
less than 1 ppmC, keep the water for future uséhelTOC content is more than 1
ppmC, replace the water, and repeat the proceabel both a clean threaded 4 ml
glass vial and a threaded cap as a set. Taresanddrthe vial and cap set. Fill the
vial with (2 ml of the hydrocarbon free water (approximatedif full) and tightly
replace the corresponding cap. Prepare an adequatder of vials for the
deployment of the duplicate samples that will bé#ected. Extra vials must be
prepared for reagent blanks and connector linesingt is important that plenty of
water from the same batch is left in the stopp@teds jar for use during analysis.
The vials and the remaining water in the stoppeyieds jar are then stored at

refrigerator temperature in the laboratory un@ihgport to the field.
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Line Capped
for Transport

1/8" PFA Connector Line Continous
to the impinger Tip
(maximum length 18 inches)

Midget 4 ml Glass Impinger
with Empty Vial for Transport

Sampling Rate
Flow Controller

Valve

‘ Evacuated Six Liter

Ice bath Summa Polished
with Container Stainless Steel
and Optional Canister
Support Clamp

Figure25.3-1 Preparation of Sampling Appar atus
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Upper Portion of
0.125" Connector Line/
Impinger Stem

0.125" Connector Line/
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0.25" Tubing
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0.25’ Silastic Tubing
to Seal 0.125" Tubing
/ into 0.25" Fitting
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Figure 25.3-2 Condensate Trap Detail
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METHOD 25.3

DETERMINATION OF LOW CONCENTRATION
NON-METHANE NON-ETHANE ORGANIC COMPOUND EMISSIONS
FROM CLEAN FUELED COMBUSTION SOURCES

Section 3 0of 5

Field Procedures

Individual sampling runs shall consist of duplicaienultaneous samples as described in this
section. The descriptions are provided for indialdsamples in the duplicate set for purposes of
simplicity. Condensate trap blanks are required Use during analysis. By following the
equipment cleaning and canister preparation praesddull field blanks are not required but
may be employed if deemed necessary. Field bleuwskdd consist of a full sampling assembly
handled and analyzed identically to the actual sesnpith the exception that samples are not
drawn into the containers. Results from samplingtmot be corrected using either field blanks
or any type of ambient sampling for reporting pwgm The results from either field blanks or

ambient samples may be reported along with the kagu@sults.

3.1 Pre-test Determinations

Samples must be taken at well mixed and unifornations, i.e. far from situations
causing stratification such as duct junctions, @aldiof dilution air, combustion zones, or
other flow disturbances that may alter the coneioin profile. Alternatively, an
approved stratification check (refer to SCAQMD Smuirest Manual Chapter X) using a
portable hydrocarbon analyzer may be used to cfochtratification of less than 10% or
for a representative sampling point within a stiedi duct. Multi-point sampling can
alternatively be employed but will require multiptencurrent samples with associated

probe lengths due to in-stack probe heating remeérgs.

18 C-18
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3.2

The required sampling time interval is dependentto@ applicable rule or permit
condition that is to be evaluated. In most caseennvnot specified, a full one hour

sampling period will be required since results el used to determine emissions in Ib/hr.

Sampling should begin and end only when the proeasseen operating for a sufficient
length of time and steady state operation can bared. A steady state is defined as
operating at constant operating temperature, fagg fuel rate, product application or
throughput rate, etc., and that the production iatgteady throughout the process. For
batch or cyclic processes, the sampling period mosbmpass at least one complete cycle
or batch. The sampling period must also begineardlat the same point in the cycle so

that portions of the cycle are not over or undgresented.

On-site Equipment Assembly

Once in place at the sampling location, the equignoan be assembled as shown in
Figure 25.3-3 with the probe connected but notrieseinto the stack. Care must be taken
during this step to avoid contamination of the iné surfaces of the condensate trap parts
by any contact with objects or dust in the arede Tondensate trap water vials must be
chilled for a minimum of 5 minutes before samplinghe chilled condensate trap vial is
attached by removing the empty vial placed on thsembly during transport and
replacing with the water filled sample vial. Thapmy vial is then capped with the water
vial lid so that the combination is kept clean whilot in use during sampling. Once the
vial is attached to the condensate trap assenit@yedquipment must remain in the upright
position so that the condensate trap water doesdreoh out of the condensate trap

assembly into the flow controller.

The condensate trap can then be positioned witmitiee ice bath The position of the ice
bath relative to the condensate trap is such ligatvial connection will be above the top of
the ice bath container so that the overflowing @&& cold water will be below the

connector level. The ice bath must also be postiosufficiently high so that the water
19 C-19
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3.3

3.4

level of the bath is higher than the water levedide the condensate trap. After
completing the assembly, record the vial and canistentification numbers on the field

data sheet as in Figure 25.3-4.

Pretest Leak Check

A pretest leak check is required. After assembling sampling system as shown in
Figure 25.3-3, make certain that the fitting at grebe that holds the in-stack filter is
tightly capped. The leak check is performed bynopg and closing of the sample flow
valve so that the valve is partially open for afistént amount of time to introduce the
canister vacuum to the remainder of the systemmddiately after the sample flow valve
is closed, the vacuum gauge may initially drop nacadly in vacuum if a restricting
orifice is used as a flow controller. The vacuurapdshould cease at numerically above
10 in. Hg. At this point a cease in movement & t#acuum gauge for a period of ten
minutes indicates an acceptable leak check onammpling system. Additionally, when
sampling is initiated, the vacuum gauge must irtdi@acanister vacuum of numerically
greater than 28 in. Hg. If this initial vacuumnigmerically less than 28 in. Hg, a leak in

the canister subsequent to its evacuation is itelica

Sampling Operation

Uncap the filter fitting at the probe tip and pldbe probe in the stack with the opening of
the probe tip tangent to the stack flow. Clamgasten the probe in place so that the
entire stainless steel probe is within the heathef stack and as far into the stack as
possible while avoiding melting the PFA connectorel The purpose of this probe

placement is to ensure that no condensation oaetinge probe. Condensation in the PFA
connector line is, however, acceptable. If presdmat condensation should begin to form
after the junction of the probe to the PFA connetitee. This can be verified by visual

observation of the condensation through the sensparent PFA material. Clean the port
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as much as possible before inserting the probeeniserting the probe into the stack,
care must be taken so that the probe opening doesamtact the stack port internal
surface residues or residues on the internal statk Seal the port around the probe so

that ambient air does not dilute the stack gases.

If the process that is being sampled is operatindeu normal representative operating
conditions or the conditions specified by the pémonditions, sampling may begin. To
begin sampling, open the sample flow control vamd maintain a steady flow that varies
by no more than 10% so that the canister is fifledn its full 30 in. Hg vacuum to a

numerical vacuum of 2 - 15 in. Hg over the spedifsampling period as determined in

section 2.3.

Immediately after sampling has commenced, reccedrtitial canister vacuum and clock
time. If this initial vacuum is numerically leskan 28 in. Hg, then the sample is
invalidated. Provide ice in the ice bath duringhping to maintain a constant ice bath
temperature of B2 °F. Record the canister vacuums at regular inter¢db minute
recommended) during sampling as an indicator oét@om flow into the canisters. Fill in
the remaining information as prompted by the fidddia sheet in Figure 25.3-4. At the end
of the sampling period, record the final vacuum elogk time, then close the sample flow
valve. Remove the probe from the stack, note thelition of the in-stack filter, and

recap the probe at the filter fitting.

If the sampling is interrupted due to a shutdowrihi@ process being sampled or for an
upset of normal or specified operation, close #mae flow valve to interrupt sampling.
Record vacuum gauge readings and clock time. Whersource resumes the normal or
specified operating conditions, sampling may resusgereopening the sample flow

control valve.
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3.5

3.6

Reference Point Velocity

If a flow rate is to be measured for determiningssmmamissions, monitor velocity at a
reference point during sampling. Take velocitydiegs at five minute intervals during

the sampling period, or more often when the vejoeit temperature fluctuates by more
than 20 percent. Use the ratio of average refergmint readings during sampling to
average reference point readings during the traviersorrect the average stack velocity
during the traverse. This is done so that avecageentration measured during sampling

corresponds to the average flow rate experiencadgisampling.

Post Test Procedures

Immediately after sampling, perform a post teskleheck as in section 2.6 with the

maximum vacuum that can be achieved with the vaawmaining in the canister.

After the post-test leak check, disconnect the Ri& from the probe. Rinse the
condensate present in the line into the conderisgtewith 0.5 to 1.0 ml of hydrocarbon
free water. This is accomplished by introducingnaall amount of the remaining tank
vacuum to the line while dipping the open end & lihe briefly into a spare vial of the
hydrocarbon-free water. During this step, obséhewater level in the trap and avoid
over-filling the trap to avoid the water being drawmto the flow controller. After the
connector line has been flushed, the condensaidtdy is disconnected, capped, sealed,
and stored at approximately 32 Alternatively the connector line can be capaed the
condensate trap left connected to the samplingrddge If the condensate trap is left

connected, it does not need to be stored 8F2fit must not be allowed to exceed’B5
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Port Packing for
Port Seal and
Probe Insulation

N Probe Clamped in Position
so that Stainless Steel Section
is Heated by Stack Contents

1/8" PFA Connector Line Continous
to the impinger Tip (maximum length 18 inches)

Stainless
1/4" Stainless  Steel Tubing
Steel Probe Union
N N

B

\

1/4" to 1/8" Tubing Fitting
Reducer with 2 micron
Filter Frit Inserted into

1/4" Side of Fitting

Midget 4 ml Glass Impinger with 2 ml
Hydrocarbon Free Water

S
Vacuum Sampling Rate
GaliJge Flow Controller

Valve

Evacuated Six Liter

_ Ice bath_ Summa Polished
w|tr:1%ontalnelr Stainless Steel
and Optiona Canister
A A A Support Clamp

Stack Wall

Sampling Assembly
Elevated to Port Level

Interior Stack Flow

Figure 25.3-3 Sampling Apparatus During Sampling
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Date

Recorded by

Sampling Location

METHOD 25.3 FIELD DATA SHEET

Pre-Test Leak Check:
Gauge Vacuum /

Loss in 60 seconds /

in. Hg
in. Hg

Sample Data

Post-Test leak Check
Gauge Vacuum: /___in. Hg
Lossin 60 seconds:  / in. Hg

Reference Point #

Reference PoirthDa

Sample Sample Time Velocity Temperaturg
#1 #2 Head (°F)
(in.Hx0)
Canister No.
Trap No.

Controller No.

Location within Stack

Initial Time

Initial Vacuum (in. Hg)

Intermediate Time

Intermediate Vacuum (in. Hg

Intermediate Time

Intermediate Vacuum (in. Hg

Intermediate Time

Intermediate Vacuum (in. Hg

Final Time

Final Vacuum (in. Hg)

Observations

Figure 25.3-4 Field Data Sheet
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METHOD 25.3

DETERMINATION OF LOW CONCENTRATION
NON-METHANE NON-ETHANE ORGANIC COMPOUND EMISSIONS
FROM CLEAN FUELED COMBUSTION SOURCES

Section 4 of 5

Laboratory Procedures

The analyst must demonstrate prior to initial usd each of the analyzers used in this method is
capable of measuring low concentration NMNEOC. #a canister analysis this includes a
demonstration of proper separation, oxidation, cédn, and measurement. This demonstration
must also prove that the equipment can resolverl@ercentration standards at just above the
lower detection limit (1 ppm) of this method. Aehing low concentration analysis for
NMNEOC by this method requires contaminant free igmgent, an appropriate baseline
subtraction, and an appropriate range of calibmatioThis demonstration of the analyzers’

performance must be approved by the SCAQMD laboydtw use in this method.

4.1 Sample Receipt

a) Check the correctness of labels, number of sampéds, number of canisters, and

“Chain of Custody” forms for completeness of infation.

a) Inspect the water sample vials for leakage. Thester gauge reading (if equipped)

should be 2 -15 in. .Hg, otherwise make a note.

a) Sample delivery personnel sign and date to relstgthe samples.

a) Laboratory personnel sign and date to receivedhete.

a) Store the sample vials in a clean refrigerator, thuiedcanisters in a secured area. The
vials must be purged within 24 hours from samplifigpe analysis must be performed

within ten days from sampling.
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4.2 Sample Purge

a)

b)

d)

Allow the sampling canisters to equilibrate to rodsemperature; then, using the
calibrated high precision manometer specified irctiSe 2.3.2(a), measure the
pressure of each canister to the nearest 1 mmTHg. pressure should be similar to
the final sampling pressure as indicated by thepdiam gauge. If a significant
pressure loss is observed indicating a leak, idas#i the sample. Invalidate the
sample when the absolute return pressure is lems 200 mm Hg. Record this

pressure as return pressure (Pr) before procetaliihg purge step.

Reassemble the sample vial to the remainder ofsdmapling assembly. If the
condensate trap vial was left connected to the Baghppparatus, it must be quickly
capped when disconnected to check canister vacwamd, kept upright until
reconnection after the received pressure has lb&en.t When the sampling apparatus

is reassembled, a leak check must be performead $sdtion 3.3.

Connect the probe tip to a source of ultra puréeratrogen or argon and introduce a
flow of slightly greater than that of the samplirage at the ultra pure gas source. The
gas source must contain a tee that is open totthesphere such that excess pressure

is bled to the atmosphere. Refer to Figure 25&-a schematic of this configuration.

Open the sampling canister valve and allow the pyas to purge through the
assembly and into the canister. The minimum pgrgias flow rate is 25 to 30
ml/minute. The bubbling characteristics shouldsheilar to that encountered during
sampling. Allow the gas to purge for 10 minutesiotil the vacuum drops to 2 in. Hg

numerically lower than the received vacuum.
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e) After the purge period, close the purge gas vahst &nd allow any residual pressure
to vent through the purge gas line tee before gpthe canister valve to avoid back

flushing the condensate trap assembly.

f) Remove the sample vial and cap securely. The glaks then analyzed for TOC or

stored at refrigerator temperature until analysis.

g) Remove the sampling assembly then pressurize thestea with pure argon or
nitrogen gas to a pressure between 860-910 mm3tuit off pressure from pure gas

source, wait until reading is stable, record tleelneg as final pressure (Pf).

h) Disconnect the canister from the purge gas line sel. The sample canister is

analyzed by TCA or stored until analysis.

4.3 Apparatus and Reagents for TOC Analysis on the Traps

4.3.1 Shimadzu TOC-5000 Analyzer

The TOC-5000 analyzer is automated. Total aogeawrbon (TOC) is measured
by the difference between total carbon (TC) andganic carbon (IC). TC,

containing both organic and inorganic carbon, isasoeed by oxidizing an
aliquot of sample with a Platinum catalyst at @56 °C using an air carrier/
oxidizer. The CO2 gas is quantified against tlorest calibration curve by a
non-dispersive infra-red (NDIR) detector. IC isasered by injecting an aliquot
of sample into a phosphoric acid ;M) vessel. The COreleased from

acidification of inorganic carbonaceous compoundh the acid is sparged with
air and then quantified the same way as @@m TC. The difference of the two

results is TOC.
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4.4

4.3.2 Other Apparatus and Reagents for TOC Analysis
250 ul glass syringe
Glass vials, 4 and 15 ml size with Teflon linedescicaps
Refrigerator set to a temperature of approximeBéy
Ice water bath
Analytical balance capable of weighing to 0.1 mg
Laboratory glassware as need
Deionized (DI) water containing <1 ppmC TOC
Potassium hydrogen phthalate (KHP), AR grade oivatgnt
Sodium carbonate, A.C.S. grade or equivalent
Sodium hydrogen carbonate, A.C.S. grade or equivale

Three to six volatile organic compounds, with kngoumity, representing the
expected organic class of compounds in the sample

Ultra zero air containing <0.1 ppmC
Preparation of Standards and Reagents for TOC Analysis

The following Equation (1) can be used for prepganknown carbon stock standard

with any pure carbonaceous compound:

mgC/Kg (ppmC) = (Wx n x Ac x 1000 mg/g) x 1000 g/kg/(MW x W (1)
W, = weight of compound in grams
n = number of carbon atoms per molecule
Ac = atomic weight of carbon
MW = molecular weight of the compound
W5 = weight of solution (100 g)

Note: in the TOC analysis section only, ppm is avegght basis
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For a 1000 ppmC TOC stock standard, mix 0.2125 dP K¥th a balance of DI water
and make 100g of solution. Cap tightly, and stara refrigerator. Discard after two

months.

For a 1000 ppmC TC stock standard, mix 0.3497 g @aHand 04412 g of N&O;,
with a balance of DI water to make 100 g of solutioCap tightly, and store in a

refrigerator. Discard the solution if a fibrousflaky material appears.

Prepare working standards for TOC from the stoakddrd solutions; accurately weigh
aliquots of stock standard in a tarred 15 ml sseeew cap vial. Add DI water to about
80% capacity, reweigh the total solution. Calailéthe concentration of working

standard using Equation 2:

ppmC of working standard = ppmC stock standardfWN (2)

where W weight in grams of stock standard

Wis

weight in grams of total solution

The recommended concentrations for TOC workingdsteds are 10 ppmC, 40 ppmC

and 100 ppmC. TC standards are prepared in the s@anner.

A TOC mixture for QC (QC standard) is preparedna same manner as the standards
choosing organic compounds in the same class ¢paesent the expected compounds
in the sample. The content of the stock soluti@y mot be given in units of ppmC for
an individual component. For example, formaldehyide water contains 37%
formaldehyde. Add concentrations of individual qaments to get the total

concentration as carbon.
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TOC Analysis of Traps

a)

b)

d)

f)

9)

Take the sample vials including field blank frone tiefrigerator one at a time, wipe

off any water on the vial prior to opening.

If less than 4 ml of water is present in the vialsen each vial add DI water (which
had been used for pre-field sampling preparatiort ml, cap the vial, and allow it

to equilibrate to room temperature.

Dry each sample vial, and weigh. Return all vialghe refrigerator.

The TOC analyzer is calibrated, prepared for sarapbdysis, and run according to
Manufacturer’s Instruction Manual. The followingggs are applied generically the

TOC analysis.

Prepare an adequate ice-water bath and replereshsicequired during the entire

analysis.

Each analytical run for all DI water blanks, stamiga field blanks, samples, and
controls consists of three injections/run with thre@ash cycles. These are all
performed at ice-water bath conditions. Perforefitst run using the laboratory DI
water as a cleanup and a lab blank. Run the Ddmattil the average TOC of three

injections is less than 1 ppmC by using the preshpstored calibration files.

Run TOC and TC standards and store in the caldrafiies according to the
calibration instruction in the manual. Multiplelibaation files can be stored for the
various levels anticipated. Experience has shdwhit is not required to run new

standards and new calibration on every batch opkzsn
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h) For each batch, initially check the validity of i@d calibrations by running a TOC
and a TC standard at expected concentrations. nRbBaustandard solutions if the

average area count of a standard is greatert®@nof the calibration.

i) The analysis for each batch of samples is runerfahlowing order:

Run a QC standard in the range of expected coratentr
Run the field blank.
Run the samples.

Run QC standards that bracket the sample concentsat

4.6 TOC Analysis Quality Assurance (QA) Criteria

a) The precision of the TOC analysis must be 10% es las determined using the

percent coefficient of variation (COV) from theebrinjections calculated as follows:

COV = 100 x (standard deviation / mean)

Where: The standard deviation of TOC is determinach the square root of the sum of the

squares of the standard deviations for TC and IC.

b) Accuracy of the QC sample as % difference fromgiepared concentration must be

within £10%.

c) TOC of the field blank concentration can be repbriéong with the results but not
used to correct the results. The field blank [@dglly equal or higher than lab DI

water blank (typically ~ 1 ppmC).

d) IC concentration of sample should be less thand@® (typically ~2 to 5 ppmC),

otherwise, make a note on the report.
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4.7 TOC Calculations

Subtract the laboratory DI water blank TOC (noldfielank) from the average of the three
sample analyses to yield a result for TOC in ugbhlcondensate trap water ;{C
Calculate the amount of organic carbon as partypiion by volume (ppmv) as gaseous

carbon in the sample using the following equation:

Cw = (G XVixXPaxVig)/(Vc X P X Ae)
where:
Ac = Atomic weight of carbon (12.01 g/mol)
Cw = gaseous concentration of TOC as ppmv in coradensp water
G = TOC concentration in ug/ml of condensate trapew

(Assume TOC concentration ug/g = ug/ml%@)4

Vi = volume of condensate trap water in ml

Vig = volume of ideal gas per mole af’@524.4652 liters/mole)
V¢ = volume of the SUMMA canister in liters

Pa = atmospheric pressure in mm Hg (760 mm Hg)

P = return pressure in mm Hg
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4.8 Apparatus and Reagents for TCA Analysis by GC/FID on Canisters

4.8.1 TCA System

The Total Combustion Analysis (TCA) system cetssif gas chromatography
(GC) modified with a backflush valve with reversialw capability for back-
flushing the trapped NMNEOC. It is also equippethva catalytic oxidizer, a
catalytic reducer, a flame ionization detector (Fl&nd a data handling system.
A gas sample is injected, using a 1 ml fixed logmo@t gas injection valve, onto
a dual packed column. The NMNEOC analyzer is ai-semtinuous GC/FID
analyzer capable of: (1) separating carbon momoX{O), carbon dioxide
(CO,), methane (Ch), ethane (gHe), ethylene (@H;), and NMNEOC, (2)
oxidizing the NMNEOC to Cg, and CO to CQ, (3) reducing the resulting
COy to CHy, (4) quantifying the Clj, and (5) after ethane elutes from the GC
column, the column is heated and backflushed teassl remaining organic
compounds. The resulting Glis quantified against a stored standard curve by
the FID detector. See Figure 25.3-6 for a flowrtlud the instrument. The

instrumentation system flow diagram is shown inuFég25.3-7.

The analytical equipment are available comméyota can be constructed from
available components by a qualified instrument tatmy. The analyzer

consists of the following major components:

a. Sample Injection System

A heated six-port valve injector fitted with a 1 reéample loop is
recommended. The sample loop consists of a serfficength of 1/16 in.
stainless steel tubing so that the desired intesolaime is achieved. The
installation of the valve is depicted in Figure 2%. The sample

injection port and sample loop must be equippednh wat heating
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mechanism that maintains the specified temperatbii&0 + 5°C. The

six port valve is located in the column oven.

. Separation Column(s)

The gas chromatographic system consists of a twiocptumn capable
of separating carbon monoxide (CO), carbon dioXid€,), methane

(CH,), ethane (@Hg), ethylene (GH4), and NMNEOC. The two part
column consists of Tenax GC 80/100 mesh in a lefigth of 1/8 in.

stainless steel tubing, in series with Chromos@® 80/100 mesh in a 6
ft length of 1/8 in. stainless steel tubing. THANEOC is trapped in the
Tenax section of the column while the remaining poonds are eluted
through the Chromosorb section. The backflush gaoce is also
performed through both sections of the column. ddlamn is contained
in an oven capable of performing the temperaturgmag as specified in
Section 4.9. A heated four port valve is useddotl flow direction

through the column as shown in Figure 25.3-7.

. Oxidation Catalyst

A catalyst system capable of oxidizing ghb COy with at least 95
percent efficiency is acceptable. The oxidatiotalgat system consists
of 15% chromium Il oxide on 4 mm alumina pelletecked in the center
4 in. section of a 12 in. length of 1/4 in. diammdteconnel tubing. The
remaining space on both ends of the tubing is mhekéh quartz wool

for retention of the catalyst. The oxidation cgdais contained within a
heating device capable of maintaining a temperadfigs50+ 5°C. A

four port valve is used to control flow during @thoxidation or
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regeneration modes of the oxidation catalyst. istallation of the

valve is depicted in Figure 25.3-7.

. Reduction Catalyst (Methanizer)

A catalyst system capable of reducing £@ CHy with at least 95
percent efficiency is acceptable. The reducinglgst consists of nickel
on Gas Chrom R 80/100 mesh. To prepare the miatinsadry the Gas
Chrom R 80/100 at 120C overnight. Allow to cool to room
temperature in a dessicator. Dissolve 1 g of mazke nitrate in 30 ml
deionized water. Slowly add 10 g of the dried @msom R 80/100
mesh with constant stirring. Heat to dryness dmotplate, then dry
overnight at 23& 5°C. Allow again to cool to room temperature in a
dessicator. The catalyst is then packed in théecehin. section of a 12
in. length of 3/16 in. diameter Inconnel tubingachk of the remaining
space at either end of the tubing is packed witartguwool. The
reduction catalyst is contained within a heatingvice capable of
maintaining a temperature of 3805 °C. Reduction gas (hydrogen) is
supplied to the nickel catalyst tube by a teenfiftbetween the oxidation
and nickel catalyst tubes at a flow rate of apprately 45% of the total

final flow.

. Flame-Out Buffer

The flame out buffer consists of Haysep Q 80/108myeacked in a 6 ft.
length of 1/8 in. diameter stainless steel tubifidne flame out buffer is

maintained at the FID detector temperature of 230C.
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f. FID

An FID with a linear response & percent) over the operating range of

0.5 to 50 ppm CHlis acceptable.

. Data Recording System

Digital integration system compatible with the FIB used for
permanently recording the analytical results. Fhstem must have a
software program capable of point to point basedinietraction from the

standard and sample runs.

. Sample flow valves

Three multi-port valves are needed to accomplistrsimple, carrier, and
purge gas flow paths in this method. As specifiegdections 4.8.1a,
4.8.1b, and 4.8.1c, a six port valve is used irsdraple injection system,
a four port valve is used to control flow throudpe tseparation columns,
and a four port valve is needed for regeneratioth@foxidation catalyst.
Figure 25.3-7 depicts the configuration of thesarfgalves and the

position during each of two modes for each valve.

I. Syringes

Gas tight syringes, 30 ml and 100 ml capacities.

Reagents

Chromatographic grade helium as carrier gas.
Reagent grade hydrogen for reduction ofGd FID fuel.
USP breathing grade hydrogen-free air for FID costibn.

R A

Three point NIST traceable CO calibration standards
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5. Three point NIST traceable G@alibration standards

6. NIST traceable 1 ppm, 3 ppm, 10 ppm, and 100 ppm S&hdards
in pure nitrogen

7. NIST traceable 1 ppm, 3 ppm, 10 ppm, and 100 ppHy Gtandards
in pure nitrogen

8. NIST traceable 1 ppm, 3 ppm, 10 ppm, and 100 pprbigane
standards for backflush in pure nitrogen

9. A high purity CQ (approximately 12% to 15% in pure hydrogen free
nitrogen) is required as a background determinataynhigh CQ
sample.

10. Other standards as required

Note: Alternatively multi-component gases can besdudor each

concentration.

4.8.2 Other Apparatus and Reagents for TCA Analysis

Optionally the entire TCA system may be automatecontrol the temperatures,
valving, and detector attenuation using a compat&r control software. This
system may feature analog/digital interface andraputer or an integrator for

the data handling system.

4.9 TCA Analysis on the Canisters

49.1 Instrument Parameters and Gas Flow Rates

Set instrument parameters as follows:
Sample Injection Port/Loop : 1305°C
Detector . 226°C

Oxidation catalyst : 653 °C
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Reduction catalyst . 38G°C
Heated transfer lines : 15°C
Sample flow valves . inside separatolumn oven

Separation Column Oven

Initial . 5@ 2 °C for 8 minutes starting at injection
Ramp . Increase at a rate of&min for 2 minutes
Final : 1505 °C for 5 minutes
Column Bake-Out : 1905 °C for 2 minutes

Gas flow rates:
Helium Carrier : 30 ml/min

Oxidation Catalyst Regeneration Air ~ : 100 mkmi

Oxidation Catalyst Air : 180 ml/min
Methanizer Hydrogen : 12.3 ml/min
FID Hydrogen : 30 ml/min
FID Air : 300 ml/min

Equipment Conditioning

a) Establish all initial temperatures and gas flovesads specified above.

b) Switch the valving so that the GC carrier streanrasted through the
oxidation catalyst system (Valves 1 and 2 of Figeiseb-7 in Position 1) for
5 minutes.

c) Switch the valving so that the GC carrier streanoiged through both the
oxidation catalyst and the reduction catalyst syst¢alve 3 of Figure 25.5-
7 in Position 1).

d) Turn on the detector air and hydrogen gases, tipeiteithe detector. The
detector attenuation is set at 8 and the rang2.at 1

e) Flush the 30 ml size sample syringe five times witha pure nitrogen.
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f) Flush ultra pure nitrogen gas through the samptimgnector fitting for 30
seconds for cleaning purposes.
g) Clean the injection system by flushing at least¢hsyringe volumes of ultra

pure nitrogen gas.

TCA Procedure

Reproduce exactly the timing of valve switchiagd column temperature
changes for each blank, sample, and standard nuaseries. The following is
the sequence of events that occur during a simggetion of standard, baseline,
or sample; the required sequence in which standaladsks and samples are
injected is given in Section 4.9.4. Refer to Fegg@b.3-7 for references to the
valve and position numbers as indicated in parasethand to Figure 25.3-8 for

a summary of the equipment operation.

a) Verify that the column temperature is %02 °C and that the sample loop
valve is switched so that the carrier gas is rotiedugh the column (valve
1 in position 1). Also verify that the column valis switched so that the
carrier flows in the forward direction (valve 2 gosition 1) and that the
oxidizer valve is switched so that the carrieraated through the oxidizer

(valve 3 in position 1)

b) Inject at least 25 ml of sample with the 30 ml syenge.

c) Immediately after completing the sample injectiswjtch the sample loop

valve so that the carrier flows in the forward diren so that the sample

loop is swept through the column (valve 1 in posit?)
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Observe the chromatogram and allow the,CCH,, ethylene (if present),
and ethane to be eluted from the column. An exancpfomatogram is
shown in Figure 25.3-9. The period of time durwbkich this takes place

should be approximately eight minutes.

After ethane elutes, switch the column valve toklash mode so that the
carrier flow reverses direction through the coluamd elutes organics as a

back-flush peak (valve 2 in position 2).

Immediately upon switching to backflush mode héat¢olumn oven using
a pre-set temperature profile so that the backfaistes at a rate so that the
detector responds in its analytical detection ran@ae temperature profile
should be approximately a follows: Ramp: Increasa rate of 56C/min

for 2 minutes, Final: 158 5 °C for 5 minutes.

In all of the steps, the valving is such thag @ffluent from the column is

directed to the oxidation reduction and FID detesistem. Detector output for

the back-flush peak is sent to the integrator wleeresponse vs. time curve is

plotted and the area under the back-flush peahktégiated. The switching can

be accomplished by manual or automated valving.

Since NMNEOC is a mixture, this back-flush peaky not be symmetrical;

however, the area under a response vs. time csipmportional to the amount

of carbon present in the sample.

For high CQ (3% to 15%) and low back-flush (backflush from t©110 ppm)

samples, adjust run time to allow the detector aiga return to the baseline
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before the back-flush peak elutes. Measure the €@tent separately by an

instrument capable of measuring % levels,Gch as SCAQMD Method 10.1.

Order of Standard, Background, and Sample Injections

Several standards and backgrounds are run wiidtch of samples because of

the difficulty in measuring low level concentrat®onThe following is the order

in which the standards and backgrounds must benruelation to the samples.

Each step is run through the full fore-flush andkfiash of the procedure as

previously described in Section 4.9.3.

a)

b)

Inject laboratory air to condition the system amdve as system check by
comparing to historical injections. The systemuwdtidoe able to detect the
background level of 2 - 10 ppm and be consistenh \wistorical levels,

otherwise repeat the laboratory air injection.

Inject CQ free N gas to determine “background nitrogen” for NMNEOC
peak (back-flush). The area counts of the bacshflahould be within a
historical acceptable area, otherwise repeat thekdgoaund nitrogen
injection. Save the background nitrogen chromatogifar background

subtraction on the subsequent runs.

Inject three level concentrations of TCA standgrdsommended: 3, 10 and
100 ppmv) to create a 3-point calibration curveecépt the calibration curve
if the measured concentrations are within 10% & theck standards.

Otherwise repeat.

d) After calibration, again inject the background ogfen.
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Inject a 1 ppmv back flush standard. The measbae#-flush concentration
must be withint 20% of the standard, otherwise repeat the backgrou

nitrogen and the 1 ppm backflush standard.

Inject the samples in duplicate (each sample isyaed two times as in
Section 4.9.3). Analyze low concentration samplesfore high

concentration samples. No more than eight injastidour duplicates) may
be performed in a single batch. Inject the nitroggackground between

batches and at the end of the sample injections.

Run two QC standards, choose concentration lehalskracket the sample
concentrations if possible. If the sample has Hawh concentration close
to 1 ppmv, use 1 ppmv as the lower of the QC stalsda The measured
back-flush concentration should be witlir20% of the standard, otherwise
select a new background nitrogen for baseline aatitn as follows: Select
the new background nitrogen chromatogram by imectiitrogen followed

by the 1 ppmv back flush standard. When the resfitthe 1 ppm back-

flush standard are within the 20% criteria, the chromatogram for the
nitrogen can be used for baseline subtractionnetfessary, divide a large
batch of samples runs in the same day into sm&thba, and use different
background nitrogen for baseline subtraction ag las the 1 ppmv back

flush standard before and after that particulaclpateet the: 20% criteria.

In standby mode, the column temperature is se®@at15 °C. The valving is set

so that air is allowed to flow through the oxidatioatalyst in the backflush

mode overnight (valve 1 position 2, valve 2 positity valve 3 position 2). This

step is essential for the oxidation catalyst taab#&ull capacity for the next use.
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The instrument must not be used unless the oxidatiatalyst has been

regenerated in this manner.

4.10 TCA Analysis Quality Assurance (QA) Criteria

Pre and post run QC concentrations must be witht# he standard concentrations.
The following are the required agreement betweegnichte analyses of a sample:

Back-flush concentration (ppmv) % difference from mean

1-3 20
4-6 15
7-12 12
13-30 10
31-50 5

If the duplicate analyses do not fall within thgueed limit, run a third analysis. If after
the third analysis, the mean does not meet theealeyuirements, review the instrument
calibration and the baseline nitrogen for errorakennecessary changes, then restart from

the background nitrogen step (Step d).

4.11 TCA Calculations

Calculate the concentration of component in thestanusing the following equation :

C = GuxDFx (R/P)

where

Ce = end of sampling canister concentration, ppmv

Cnm = average of duplicate measured concentrafrons TCA analysis, ppmv
DF = syringe dilution factor if applicable

P = canister pressure after pressurization, mm Hg

P = before purging canister pressure, mm Hg
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Calculate the total VOC as equivalent to gaseotsocausing the following equation:

Total VOC (ppmC) = £+ C

where
Cw = VOC from condensate trap water (ppmC)
Ce = VOC from canister(ppmv)
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Probe

Method 25.3
Sampling Aparatus

/ Canister

Valve
Tee Open I\T

To Atmosphere

/

Ice Bath
Removed

Purge Gas
Valve

Ultra Pure Nitrogen or Argon
Purge Gas Cylinder

Note: Adjust purge valve for slight flow out of the tee.
After purging, close purge first and allow pressure
to bleed out of tee before closing canister valve.

Figure25.3-5 Inert GasPurging
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Calibration

Standards Sample

Sample _
Injection Loop 'e Carrier Gas

Separation
Initially Forward Column Then Back-Flushed
Through W Through Column
Non-Methane
CO, CH,. CO, Organics
\I Oxidation /
Catalyst

L 7

Reduction
Catalyst

—>
Y

lonization -e Combustion Air

Detector

Y

Data
Recorder

Hydrogen

Hydrogen

Figure 25.3-6 Flow Diagram for TCA Analysison Canisters
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Valve 1 Position Legend

— 1 - purge and sample injection

Valve 2 Position Legend

1 - forward through column

fffff 2 - back-flush through column

Valve 3 Position Legend

— 1-run

fffff 2 - regeneration of oxidizer

(Direction changes for
backflush - position 2)

Chromosorb 106

March 2000

>4 He Carrier (30 mi/min)

Sample
Injection Port

Sample Loop
Outlet

1 ml Sample Loop Hydrogen Supply
to FID (30ml/min)

Flame lonization QDQG

Detector (FID) with
Integration Software

Oxidizer Purge
Vent

Oxidation
Catalyst
Regeneration

Air (180 ml/min)

Catalytic Methanizer

Oxidizer

Air Supply
to FID ("300ml/min)
Haysep Q
Tenax Flameout Buffer
/

Oxidation Catalyst S DTj
Air Supply (30 ml/min)

Hydrogen Supply
to Methanizer (12.3 ml/min)

Figure 25.3-7 Equipment Diagram for TCA Analysison Canisters
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Equipment Operation for TCA Analysison Canisters

Step # Time | Valvel | Valve2 | Valve3 Description
Position | Position | Position
1 0 1 1 1 Verify Temperaturesand Valve Positions
2 0 1 1 1 Inject Sample
after . .
3 inj 2 1 1 Switch Carrier Flow Through Sample L oop
4 rg;ﬁ 2 1 1 Observe CO,, CHa, Ethane Elute
5 8 min 2 2 1 Switch to Backflush Mode
6 8-15 2 2 1 I ncrease Column Oven Temp by 50°C/min
min for 2min, Hold at 150 °C for 5 min
Over- I ncrease Column Oven Temp to 190 °C to
7 : 2 2 2 L
night Regenerate Oxidation Catalyst

Figure 25.3-8 Equipment Operation for TCA Analysison Canisters
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CO,

CH4
(ef0)
Ethane
NMNEOC
Ethylene

Sample Backflush

Injection

0 1 2 3 4 5 6 7 8 9 10 11 12

Time (min)

Figure 25.3-9 Example Chromatogram for TCA Analysison Canisters
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METHOD 25.3

DETERMINATION OF LOW CONCENTRATION

NON-METHANE NON-ETHANE ORGANIC COMPOUND EMISSIONS

FROM CLEAN FUELED COMBUSTION SOURCES

Section 50f 5

Engineering Calculations and Reporting

Carry out calculations, retaining at least oneagtcimal figure beyond that of the acquired data.

Round off figures after the final calculation.

5.1

5.2

Data Quality Checks

The results of the duplicate sampling for NMNEOCstmot deviate more than 20% from
the average of the two values in order to meetptieeision criteria. The results of the
duplicate sampling for carbon monoxide and carbiomide must not deviate more than
20% from the average of the two values in ordenéet the leak indicator criteria. Field
observations of occurrences that may cause sangdentay be used to invalidate one of
the duplicate samples in the case that the 20%spwaccriteria is not satisfied. Individual
results cannot, however, be discarded solely orb#isgs that the results disagree or that
the results are higher than anticipated. Contatioimacannot be used to invalidate the
sample without substantial evidence that contanunaiccurred. Alternatively the lower

value can be discarded for a worst case evaluation.

VOC Molecular Weight per Carbon Ratio

In order to convert the lab results as carbon tmahcmass emissions as VOC. A
molecular weight per carbon ratio must be eitheasneed, calculated or assumed.
Although a qualitative analytical speciation of thi®C using an approved method is

preferable, it is sometimes not easily accomplistzul other times not feasible due to
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partitioning of the sample into gaseous and coraldasfractions. Other times the ratio
can be calculated based on the VOC formulation atenals consumed in, for example, a
coating or printing operation. In these situatjoitsis acceptable to use information
provided in Material Data Safety Sheets (MSDS)¢ohsidered accurate. The use of
MSDS information is generally, however, not constde as sufficiently accurate for
calculating capture efficiencies. It is acceptatae calculating destruction efficiencies
since the molecular weight per carbon ratio canoceis of the calculation when it is
assumed that the ratio remains constant acrossotiieol device. In many cases the ratio
can be considered as represented by a surrogateocoih that is representative of the
VOC encountered in the process. In the absenceangf of the aforementioned
information, common practice has dictated the usa default ratio of hexane which is
14.36 Ib/lb-mol C. Table 25.3-2 lists several gaheategories of molecular weight per
carbon ratios which have been deemed as accepfablthe specified applications.

Several specific examples are given below:

a. For Coating and Printing Processes:
Most Preferred: Volatile Carbon Analysis from SC¥Q Protocol for

Determination of VOC Capture Efficiency

Calculation: 12 Ib/Ib mol x % VOC weighted averalgéo volatile carbon

weighted average (all percents by weight)

Example: Coating #1 VOC = 50%, % volatile carbof0%6, usage = 100 Ib/hr

Coating #2 VOC = 80%, % volatile carbon = 60%age = 10 Ib/hr
12 Ib/Ib-mol x [(50% x 100 Ib/hr) + (80% x U@hr)]

MWI/C =
[(40% x 100 Ib/hr) + (60% x 10 Ib/hr)]

= 15.13 Ib/Ib-molC
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b. For Coating and Printing Processes: 2nd Ch&it&bDS or Formulation Information

MWI/C =

MSDS formulation is usually given as weight petagfithe total coating/solvent
Calculation: MW/C = (MW x mol frac)/Z(carbon# x mol frac)

Example: Coating #1 VOC formulation = 10% benze?@% formaldehyde

usage = 10 Ib/hr
Coating #2 VOC formulation = 30% butanol, 40%y&tne glycol
monoethyl ether (a.k.a. EGMEE, Cellosolve; 2extrethanol),
usage = 100 Ib/hr
Benzene Usage = (10% x 10 Ib/hr) / 100 = 1 Ib/hr
Formaldehyde Usage = (20% x 10 Ib/hr) / 100lb/&r
Butanol Usage = (30% x 100 Ib/hr) / 100 = 3®tb/
EGMEE Usage = (40% x 100 Ib/hr) / 100 = 40 Ib/hr
MWhenzene= 78 Ib/Ib-mol, C#enzene= 6
MWiormaidehyde= 30 1b/Ib-mol, C#imaidenyde= 1
MWyytano= 74 Ib/lb-mol, C#ytanoi= 4
MW ecmee = 90 Ib/Ib-mol, C#guee= 4
mol fra¢ = (usage/ MW,) / Z(usage/ MW,)
> (usage/ MW,) = (1 Ib/hgenzend 78 Ib/Ib-mObenzend

+ (2 Ib/Normaidenydel 30 1b/1D-MOJormaldenydd

+ (30 Ib/higytanol/ 74 Ib/lb-mobytanc)

+ (40 Ib/hgmee / 90 Ib/Ib-moleamed)
= 0.929 Ib-mobc/hr

mol fragenzene= (1 Ib/Nrbenzend 78 Ib/Ib-MObenzeny / 0.929 = 0.014
mol fragorm = (2 Ib/hriorm / 30 1b/Ib-mojorm) / 0.929 = 0.072

Mol fragutanoi= (30 Ib/hrputano/ 74 Ib/1b-MObytanc) / 0.929 = 0.436
mol fragemee = (40 Ib/hregvee/ 90 Ib/Ib-molegmee) / 0.929 = 0.478

(78 Ib/Ib-mol x 0.014) +(30 Ib/lb-mol x 0.072) +(Td/Ib-mol x 0.436) + (90 Ib/Ib-mol x 0.478)

(6 C x 0.014) +(1 C x 0.072) +(4 C x 0.436) €4 0.478)

MW/C = 20.6 Ib/lb-molC
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c. If the permit or other emissions limit is sgiea as a specific compound:
Calculation: MWY/C# of specified compound
Example: Permit limit is specified as emissionaunits of VOC as Hexane
MW = 86.17 Ib/Ib-mol
C# =6.000
MW/C = 86.17 Ib/Ib-mol / 6.000 C
MW/C = 14.36 Ib/Ib-mol

d. For Combustion of Only Natural Gas Only:
Calculation: MW/C# of Methane or Hexane. Methasepreferable when
either a worst case emission rate is desired ondlwtehyde by-products may be
present due to incomplete combustion. Incompletebuistion may be indicated
by unusually high levels of methane or carbon maeax
Example: as Methane.
MW = 16.04 Ib/Ib-mol
C# =1.000
MW/C = 16.04 Ib/Ib-mol / 1.000 C
MW/C = 16.04 Ib/Ib-mol

e. For fugitive emissions from petroleum procegsiperations:
Calculation: MWY/C# of propane or other compoundaidwn
Example: as propane
MW = 44.10 Ib/Ib-mol
C# = 3.000
MW/C = 44.10 Ib/Ib-mol / 3.000 C
MW/C = 14.70 Ib/Ib-mol
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5.3

e. For processes that use strictly petroleumlidists:
Calculation: ((14 x C#) +2) /| C#
Example: for an average carbon number of 8.
MW/C = ((14 x 8) +2) / 8
MW/C = 14.3 Ib/lb-mol

In absence of any information regarding the contmsiof the VOC, generally the
molecular weight per carbon ratio of hexane is @&l (14.36 Ib/lb-molC). As for the
general range of molecular weight to carbon rattwsmost VOC mixtures encountered,
formaldehyde (30.03 Ib/lb-molC) and methanol (32l64b-molC) represent the upper
bounds, while benzene represents the lower bouB®Z1b/Ib-molC). In applications
where the molecular weight per carbon ratio isegittifficult to determine as above or in

dispute, a worst case scenario can be used forl@omoe purposes .

Bias Correction Factor

During the USEPA's Office of Air Quality Planningné@ Standards (OAQPS) evaluation
of this source test method, it was determined dhlaias correction factor must be applied
to all results achieved by this method. This adrom factor of 1.086 was determined
according to USEPA Method 301 for validating tegtihhods and was based on the results

of the validation testing. The calculation is penfied as follows:

Corrected Conc. (ppmC) = Total VOC (ppmC as deteeochin Section 4.11) x 1.086
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54 VOC Mass Emission Rate Calculation

The individual VOC mass emission rates are detaxchursing the following quantities for

each duct or stack where both a concentration andsponding flow rate are determined:

C- Average Corrected Concentration of Non-MethaNen-Ethane Organic
Compounds (NMNEOC) from the Method 25.3 samplingrspaeported in
ppmC;

Q-  Volumetric flow rate as determined by SCAQMCetiods 1.1 through 4.1 in

dry standard cubic feet per minute;

MW - Molecular Weight per Carbon Ratio as detemdim Section 5.2 in Ib/Ib-mol C;

The VOC mass emissions rate in pounds per houtheambe calculated as follows:
VOC Mass Emission Rate (Ib/hr) = 1.583 x 4@ MW x C x Q

These calculations can be performed by using tloelledion sheet in Figure 1. If multiple
emission points are present, the VOC mass emisatermust be calculated separately as

above and added together for a total VOC mass amisate.
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Application Method Calculation MW/C Ratio TypicabRge
Coating and | % Volatile Carbon| 12 Ib/Ib mol x % Varies 13-32 Ib/Ib-mol G

Printing Analysis from VOC weighted
Operations SCAQMD average / %
Protocol for volatile carbon
Determination of | weighted averags
VOC Capture
Efficiency
Coating and MSDS > (MW x mol Varies 13-32 Ib/Ib-mol G
Printing Information frac)/ Z(carbon# x
Operations mol frac)
When Permit Specified MW/C# Varies 13-32 Ib/Ib-mol C
Specifies Compound

Compound to be
Reported as:

Natural Gas/Fuel| Assume Hexane MWI/C# 14.36 Ib/lb-mol |C  14.36 Ib/Ibh@

Gas Combustion

Natural Gas/Fuel| Assume Methang MW/C# 16.04 Ib/lb-mol C| 16.04 Ib/lb-mol

Gas Combustion|  (aithough non-voc,

for Worst Case 01 sometimes used, accountss
Incomplete for formaldehyde
Combustion formation)
Fugitive Assume Propane MWI/C# 14.70 Ib/lb-mol|C  14.70 Ibfibt C
Emissions from
Petroleum
Processing
Operations
Ethanol Only Assume Ethanol MW/C# 23.03 Ib/Ib-mol C  23.03 Ibdlim! C
Processes (ethanol
combustion,
investment
casting,
flexographic
processes)

Processes That| Average Carbon| ((14 x C#) + 2) Varies 14-15 Ib/Ib-mol G

Use Strictly Number C#

Petroleum

Distillates

Processes wherg VOC Formulation| (MW x mol Varies 13-32 Ib/Ib-mol G
the Formulation of frac)/ Z(carbon# x
the VOC is mol frac)
Known
In Absence of Assume Hexane MW/C# 14.36 Ib/lb-mol |C  14.36 Ib/Ibh@

Information for
Applying Any of
the Above
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Figure 25.3-10 Molecular Weight per Carbon Ratios

Test No. Date
SOURCE TEST CALCULATIONS
Duct Flow Rate NMNEOC Conc. VOC Mass

Identification (dscfm) (ppm) Rate (Ib/hr)
#1
#2
#3
#4
TOTAL N/A

WHERE:

VOC Mass Rate =

1.583 x 107 X (Flow Rate dscfm) x (NMNEOC ppm) (MW per CarlRatio Ib/lb-mol C)

FIGURE 25.3-11
VOC MASSEMISSION RATE CALCULATION



